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PROBLEMS

(@) % =3.959 (b) % =1.994 (©) % =19.96
3. Ce-140
5. (¢

7. 83.9134(0.0056) + 85.9094(0.0986) + 86.9089(0.0700) + 87.9056(0.8258) = 0.47 + 8.47 + 6.08 + 72.59

average atomic mass = 87.61
9. 107.9=106.905(0.5184) + 0.4816 x; x=109.0

11. Let x = abundance of the first isotope; abundance of third isotope = 1.0000 — (0.8787 + 0.02365) = 0.0976
51.9961 = 49.94605 x + 51.94051(0.8787 —x) + 52.94065(0.09765) + 53.93888(0.02365)
x =0.0447. Abundance of first isotope = 4.47%; second = 83.40%; third = 9.76%.

13. Tall peak at mass-20; peak about 1/10 as high at mass-22; very small peak at mass-21.
15. (a) 6.022 x 10% (b) 6.022 x 10'/15 = 4.051 x 10"

1mol  6.022 x 10%® atoms

-7 _ 14
17.(a) 3 x10~"g x 20729 X Tmol =9 x 10'* atoms

10°mL 3x1077g  1mol
=1x10"°mol
1L “ 100mL * 207.2g 1107 mo

(b) 1.00L x

19. (a) 0.357 mol x 197.0g/mol = 70.3g

1 mol 6.022 x 102 atoms

=1.09 x 10*" at
197.0g © Tmol 09 x 107" atoms

(b) 0.357g x

79e¢~ 1mole™

Tatom ~ 6.022 x 108 ¢~ - 0-143mole

(c) 1.09 x 10°" atoms x

1 mol
21. (a) 10.0000g x ng = 0.35744 mol

6.022 x 1023 atoms

=2.152 x 10%® atoms
1 mol

(b) 0.35744 mol x

14pt+14n+14e-
p
1 atom

(c) 2.152 x 102 atoms x =9.039 x 10%*
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3
23. Veuve = <1.25in x 2'514i:m> =32.0 cm®

0.968g 6.022 x 10?3 atoms

=812 x 10%
Tom? X 22,999 8 x 10°° atoms

32.0cm3 x

25.(a) (12 x12.01 + 22 x 1.008 + 11 x 16.00) g/mol = 342.3 g/mol
(b) (2 x 14.01 + 16.00) g/mol = 44.02 g/mol

(c) (20 x 12.01 + 30 x 1.008 + 16.00) g/mol = 286.44 g/mol

1 mol NoHy4

3 T
27. (a) 4.00 x 10%g NoH, x 32,05 haH,

= 125mol

1 mol SnF,

(b) 12.5g SnF, x

1 mol

97.10g =0.13mol

(c) 13 x

29. (a) 2.688 mol x 893.47 g/mol = 2.402 x 10%g
(b) 2.688mol x 218.20g/mol = 586.5g

(c) 2.688mol x 262.26g/mol = 705.0g

31. MM = 227.14 g/mol

Chapter 3

No. of grams No. of moles No. of molecules No. of N atoms

(a) 127.2 0.5600 3.372 x 108 1.012 x 10%
(b) 210.2 0.9254 5.573 x 1028 1.672 x 10
(c) 468 x 106 2.04 x 10* 1.24 x 108 3.72 x 10%8
(d) 9.4 0.042 2.5 x 10?2 7.5 x 1022

33. MM = (63.55 + 6 x 26.98 + 4 x 30.97 + 28 x 16.00 + 16 x 1.008) g/mol = 813.44 g/mol

63.55 x 100 o . . 161.88 x 100 _ o/ -
Cu: gigas -8k Al Taigag = 1990%
O; 44800100 _ o oo 161285100 _ 4 oon0

813.44 ' 813.44

123.88 x 100

P: 813.44 =15.23%;



Mass Relations in Chemistry; Stoichiometry 25

35. MM = (12 x 12.01 + 17 x 1.008 + 14.01 + 16.00) g/mol = 191.27 g/mol

144.12gC

1279 DEET X 49157 g DEET

=957gC

0.251g

m X 100=411 /O

37. (a)

(b) MM CgHgNO, = [8(12.01) + 9(1.008) + 1(14.01) + 2(16.00)] g/mol = 151.16 g/mol

14.01
0.611gtyl. x 0411 x = = 0.0233g N
o~ 12.01gC o o ae
39. mass % C = 2.90 g COz x 7 "= - x 100% = 79.1%
2.016g H

mass % H =0.875 g H,O x x 100% = 9.80%

18.0g H,0O
mass % O = 100% — 79.1% — 9.8% = 11.1%

41. Assume 100.0 g of compound; mass Cl = 70.3 g; mass X =100.0-70.3=29.7 g

1 mol CI 1 mol X
2979 . .
MM of X = 0661 mol ~ 44.9 g/mol; MM of XCls = 44.9 + 3(35.45) = 151.3g/mol. So X is scandium (Sc).
13479 _ _ 17449 _ :
43. mol P = 3097 g/mol - 0.04349; mol O = 16.00g/mol 0.1090 mol;

0.1090 mol O _ 2.5mol O
0.04349molP ~ 1mol P’

45. (a) In 100.00 g of MSG:
35.51¢g

8.29¢

1Na : 1N : 40 : 5C : 8H

3491g
16.00 g/mol

1Si : 1Zr : 40.

(b) mol O = =2.182

P>0Os5 (phosphorous pentoxide)

4779 37.859

IH= — "2 =47 0= —(—~————=2
molH = { Gogg/mol = +7° mol O = 15 50g/mol =~ 2366
13.60g
Hence, CsHgO4NNa.
. 1532g 49.76 g
|Si= ——— =0.5454 | Zr= —————— =054
mol i = 58,09 gjmoi ~ 02484 Mol Zr = oos o mai - 02495

Hence, ZrSiO,.
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740 ¢ 8.65¢ 17.4 g

| =—— <~ _=6.1 IH=—=  =8. IN=— =124
(©) molC = 3551 g/mol = 616 molH = 1508 g/mol = 88 MO = 12.01 g/mol
1N : 5C : 7H. Hence, CsH-N.
_ 1201gC _ 2016gH
mass O =5.000g — 3.782g — 0.4392g =0.779g
_ 87829 _ 043929 _ 07799
mol C = 12.01 g/mol ~ 0.3149 mol H = 1008 a/mol g/mol 0.4357 mol O = 16.00 a/mol g/mol 0.0487
10 : 6.5C : 9H. Hence, C13H1802.
12.01gC 2(1.008) g H
49. = 8.692 — ¥~ =2372 H=1.142gH — % __=0.127
9. mass C = 8.69 gCOQ><44'O1gC02 372¢g mass g H20 x 18.02 g M0 0 8¢
35.45 g Cl
mass Cl =2.571g HCI x 36.46 g HOI ~ 2.500¢
2.372¢g 0.1278 g 2.500 g
IC=———=0.197 IH= ———— =0.12 ICl=———— =0.07052
mol € = 1557 g/moi = 01975 molH = ong g /mal = 0:1268  mol Cl = o g/mai ~ 0-0705
1Cl : 1.8H : 2.8C. Hence, C14HgC|5
12.01gC 2(1.008) g H
1. =14. ———— =3.91 H=7.832gH ————— =0.8762
51. mass C 36g CO, x 44.019CO, 3.919¢ mass 832g H,0 x 18.02 g M0 0.87629
mass N=6.315—-3.919 — 0.876 = 1.520¢g
39199 _08762g 15209
mol C = 12.01 g/mol 0.3263 mol H = 7,008 g/mol 0.8692 mol N = 12,01 g/mol - 0.1085

1N : 3C : 8H. Simplest formula: C3HgN; formula mass =58.0g; 116/58 =2

Molecular formula: CgH1gN>.

53. MM KAI(SO4), = (39.10 + 26.98 + 64.14 + 128.00) g/mol = 258.2 g/mol

2583 2876
lalum= —<22°9 _ _ o1 IH,0= =29 _¢4
mol alum = 5eg.2 g/moi ~ 00100 mol Hz0 = 1802 g/moi ~ 01596
0.1596 2876 ¢g
= = 1 . oo H = 1 °c> = 2 oO
¥= 050100~ 1© mass % Ho0 = 5876+ 2583) g < |00 = 52.68%

55. (a) CaCal(s) + 2 HpO(l) — Ca(OH)a(s) + CaHa(g)
(b) (NH4)2Cr207(s) — Cra0s(s) + Na(g) + 4 H20(g)

(c) 4 CH3zNH2(g) + 9 02(g) — 4 CO2(g) + 2N2(g) + 10 H20(g)



Mass Relations in Chemistry; Stoichiometry
57. (a) 2K(s) + S(s) — KoS(s) (b) Mg(s) + S(s) — MgS(s)
(c) 2AI(s) +3S(s) — Al2S3(s) (d) Ca(s) + S(s) — CaS(s)

(e) Fe(s) + S(s) — FeS(s)

59. (a) CeH1206(s) + 6 05(g) — 6 COL(g) + 6 H0(l)
(b) XeFa4(g) +2H,0(l) — Xe(g) + Oa(g) + 4 HF(g)
(c) 2Al(s) + FepOs(s) — 2Fe(s) + AlOs(s)
(d) N2(g) + 3 Hz(g) — 2NHs(g)

(€) 4NaCl(s) + 2 SO (g) + 2 H0(g) + Oa(g) — 2NapSOa(s) + 4 HCI(g)

61. (a) 1.37mol CoN, x % =9.59mol F»
(b) 13.75mol F, x % =3.929 mol CF,
(c) 0.8974mol NF3 x % = 0.4487 mol CoN,
(d) 4.981 mol NF3 x % =17.43mol F,

6 mol H,O " 18.02g H,O
4 mol NH3 1 mol H,O

63. (a) 0.839mol NH3 x =22.7g H,0

6 mol NO " 30.01g NO
4 mol NH3 1 mol NO

(b) 3.402mol NH3 x =153.1g NO

1 mol N, y 4 mol NH; o 17.02g NH5
28.02g N, 5mol N» 1 mol NH;

(c) 12.0g Nz x =5.83g NH3

1 mol NO o 4 mol NH; o 17.02g NH5
30.01gNO  6mol NO 1 mol NHj

(d) 115g NO x = 43.59 NH,

65. (a) 2CoH3ClI(/) +50,(g) — 4 CO,(g) + 2HCI(g) + 2Ho0(g)

1 mol CZH3C| 5mol O,

(b) 35.00g CoH3Cl x 62.49g C,H5ClI x 2mol C,H3Cl

=1.400 mol O,
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1 mol CoH5Cl 4 mol CO, 44.01g CO,

(€) 25.009 CaHsCl > e 3 CoHsCl ~ 2mol CoH,Cl * Tmol GO, — 02190z
25.009 CHsCl x 6122;);05::'30&' X 2r2n?|0(l,?Hi|C| X 316 }ii|gH|::C|l = 14.59g HCI
25.009 CHsCl x 6122;)1;0(;?;?& X 2$nr:|oclzl:|f|SC| X 1? }?lilgHji)o = 7209 H,0

67. (a) CoHsOH()) +30s(g) — 2COs(g) +3Ha0(l)
1mol H,0  1mol Co,HsOH  46.07g CoHsOH 1L

3
(b) 1.25 x 1079 H20 x 2505 01,0 X " 3mol o0 < 1mol CoHsOH < 7899 CoHsOH

=1.35L CoHs0OH

1.80g CO, 1 mol CO, 1 mol CoHsOH  46.07 g C,Hs0H 100g cooler

(© 312l X = % 451900, < 2moi G0, < 1mol CoHsOH < 459 CoHsOH

= 65gcooler

1.2gS 1mol S 1mol SO, 64.07g SO, 1L

.1.00 x 107 g oil =9.2x10°L
69.1.00 < 107 g oll x 7556 5 il * 32.07gS © 1molS ~ 1mol SO, ~ 2.60980, - 02 < 19
1 mol Ang 4 mol A4X3 _
71. (a) 10.0g AsB3 x 5559 AgBs X 8mol AsBs =0.0196 mol A4 X3
4.00g
(b) MM = 00196 mol = 204 g/mol
73. (a) 2H2(g) + O2(g) — 2H20(g)
C e 2mol HQO _
(b) If Hy is limiting: 4.15mol Hy x PmolH, - 4.15mol H,O
o 2mol H,O
If Oy is limiting: 7.13 mol O, x Tmol0, - 14.26 mol H,O
Hence, H; is limiting.
(c) 4.15 mol
1 mol O,
(d) 4.15mol H, x ————= =2.08mol O, reacts;so 7.13 — 2.08 = 5.05 mol unreacted.
2mol H,
75. (a) 2KCIlO3(s) — 2KClI(s) + 302(g)
1 mol 2mol KCI 122.6 g KCI 7.
(b) 198.5g 0 x 11Oz 2mol KCIOs 69KCIOs _ 50704 20709 _ 5594

32.00g 0, . 3molO; . 1mol KCLOg 0.832
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1 mol CsH» y 4 mol CO», " 44.01g CO,
26049 CQHQ 2mol CgHg 1 mol COQ

1 mol O, " 4 mol CO, " 44.01g CO,
32.00g O, 5mol O, 1 mol CO,

77. (a) If CoHs is limiting: 175 g CoHo % =592 g CO,

If Oz is limiting: 175 g O, x =193 g CO,

Since O is limiting, the theoretical yield is 193 g CO»

(68.5L)(1.85g/L)
193¢

1 mol 02 » 2mol C2H2 y 26049 CgHg
32.00 g O, 5mol O, 1 mol CoH>»

(b) Percent yield = x 100 = 65.7%

(c) 1759 0O, x =57.0g C,H, reacted

mass of CoH, left =175 — 57 = 118¢g

45.0¢g

79- 0880 = 4 retical yield”

so theoretical yield = 52.9 g of aspirin
1 mol CgHgO4 y 1 mol C7H603 y 138.1 g C7H603
180.1 g CgHgO4 1 mol CgHgO4 1 mol C7H503

1 mol CgHgO4 % 1 mol C4H603 % 102.1 g C4H603
180.1 g CgHsO4 1mol CgHgO4 1 mol C4H503

=30.0g +0.550(30.0)g = 46.59g

mass C7H603 =529 g CgHgO4 X =40.9 g

mass C4H603 = 5299 CgHgO4 X

1troyoz Pt 31.1gPt 300.1gcisplatin 11b

81. $3000 x~eT8 50 * Ttoyoz ©  1951gPt < dsag - 02830
83. (a) ~0.75g (b) Fe (c) O, (d) 3.0g (€) Fe,0q
1gsalami  0.090g NaC;HsO, 1 mol NaC7H50, 1 mol Na

85. 6.00 0z salami x

0035270z < 100gsalami . 1441g . 1mol NaC;HsO,

022 x 102 at
6.022 x 107atoms _ o 4 . 1020 Na atoms

1 mol Na
50lb  454g 4 ] 4 28g N B "
87. 1bag X b =2.27 x 10" g/bag urea: 2.27 x 10* x 809 (NHZ)2CO ~ 1.1 x10°gN
14gN
. 4 — 4
NH;3 :2.27 x 10* x 179 NH, 1.9x10°gN
28gN
NH4NO3:2.27 x 104 x ——~—_ =79 x10°gN
4NO3 x 10 X809NH4N03 9x10°g
4 42gN 5 .
HNC(NH,), : 2.27 x 10* x =39 x10°g Hence, NH3 will cost the least.

89.(a) B (b) C c)F (d) same number of atoms/mole

29
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91.

93.

95.

97.

99.

100.

101.

102.

Chapter 3

I A O =

Ag B3 CQ C2 BS A2

(@) X+3Y — XY3 (b) 5mol X + 10 mol Y (c) 3mol XY3; 2mol X; 1 molY

6.022 x 1028 atoms

= 26 -
12.00g =2.509 x 10°° atoms = N

no. C atoms = 5.000 x 103 g x

(@) EQ (b) LT (c)LT (d) 4PHa(g) + 802(g) — P4O1o(s) + 6H20(g); GT
(e) GT

279 = 24.30g Mg

= %g chiorophyil < 190 — MM =2893g/mol

1cm® 102" nm? 4 atoms

=6.01 x 10 at
1059 © Tom®  * (0.409nm)s - 001> 107 atoms

107.99 x

1 mol Ca(OH), " 1 mol CaO " 56.08g CaO
74.10g Ca(OH), = 1 mol Ca(OH), 1 mol CaO

40.08g Ca
56.08g CaO

mass Ca to CagN, =5.025g — 2.614g=2411g

148.26 g Ca3N2
120.24g Ca

mass CaO = 4.832g Ca(OH), x =3.657g CaO

mass Ca to CaO = 3.657 g CaO x =2.614gCa

mass CazN, =2.411g Ca x =2.973g CazN,

Initially: 95.0g/(137.34 g/mol) = 0.692 mol Ba; 50.0g/(32.06 g/mol) = 1.56 mol S

1 mol BaS o 1 mol Ba
169.4g BaS 1mol BaS

mol Ba left = 0.692 — 0.385 = 0.306

0.385mol BaS x — 'S _ 0 385mol S used by BaS:  mol S left = 1.56 — 0.385 = 1.18
1 mol BaS

2Ba(s) + O2(g) — 2BaO(s)

2mol BaO y 153.3g BaO
2mol Ba 1 mol BaO

65.15g BaS x = 0.385mol Ba used by BaS

0.306 mol Ba x =46.9g BaO
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S(s) + O2(g) — SO2(g)

1mol SO, 64.06g SO,

1.18mol S x — s X T mol 80,

=75.6 g SO,

x(74.55)

103. Let x = mass KBr. Then 3.595g — x + 190

=3.129g; x=1.25¢

1.25g
3.595¢

% KBr = x 100 = 34.7%

104. (a) 1st oxide: 2.573g V(0.05051 mol) + 2.016 g O(0.1260 mol O)
0.1260/0.05051 = 2.49; V505
2nd oxide:  2.573g V(0.05051 mol) + 1.209 g O(0.07556 mol O)
0.07556/0.05051 = 1.50; V.03

18.02g H,O
105. C17H21O4N — 17002 C12H22011 — 12002

Let x = mass of cocaine in a one-gram sample, which would produce one liter of CO,

74817 1 528.12
303.35 < 780 * (100

Solving, x =0.28g; 28%

x —— =1.00

]
X 34230 © 1.80
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